This study was conducted to determine the concentrations of various trace elements in thiram induced tibial dyschondroplasia chickens. A total 30 day-old male chicks equally divided into two groups including thiram group (n=15) and control group (n=15). Control group was given basal diet throughout the study. Tibial dyschondroplasia was induced by adding thiram @ 50 mg/kg into basal diet from day 3 post-hatch till the end of experiment. Two milliliter bloods were collected from ten chickens of each group on day 7 and 14. The serum was separated by centrifugation and blood serum was assessed in triplicates by Agilent 7700x equipped with an ASX 250 auto sampler. The results were analyzed by student's ttest, which revealed that the concentration of Cr, Mn, Fe, Co, Ni, Mo, Cd and Pb in thiram group were increased significantly (P<0.05), while the concentration of Cu in was significantly decreased on day 10 compared to control group. The concentrations of Cr, Mn, Fe, Ni and Pb in thiram groups on day 14 were significantly lower than control group, while concentration of Mo was significantly higher in thiram group. The concentrations of Co, Cu and Cd on day 14 were nonsignificantly different in both groups. The current study shows that thiram effect Cr, Mn, Fe, Co, Ni, Mo, Cd, Pb and Cu in the chick body significantly which is not a good for chicken health. So, it provides considerations to take the effective measures for poultry feed supplement to prevent the occurrence of TD. 
INTRODUCTION
Tibial dyschondroplasia (TD) is a leg disorder estimated approximately 30% in many avian species and causes significant economic losses to poultry industry word-wide (Shahzad et al., 2014) . There are several theories that put forward to explain its etiology but actual mechanism of TD development is not known (Leach and Monsonego-Ornan, 2007) . In post hatch poultry, thiram is the most common and accurate source to produce TD (Rasaputra et al., 2013) . Tetramethyl-thiuram disulfide (thiram) is a dithiocarbamate organic compound, which is commonly utilized as fungicide and pesticide in agriculture (Shahzad et al., 2014) . Thiram exerts its cytotoxic effects § These authors contributed equally to this study.
by membrane damage, inhibition of glutathione metabolism, mitochondrial injury, cell death, and inhibition of angiogenesis (Shahzad et al., 2014) .
TD is characterized by the accumulation of prehypertrophic chondrocytes which make avascular and non-mineralize cartilage in the tibial growth plate (Shahzad et al., 2014) . TD cause lameness, and bone breakage, which are harmful to animal welfare (Shahzad et al., 2014) . Previous studies demonstrated that the incidence of TD is affected by the calcium/phosphorus ratio, and copper-deficient diets (Leach and MonsonegoOrnan, 2007) . Trace elements play important role in the body including maintain fluid balance, promote blood, and bone development and nervous system (Hostetler et al., 2003) . So, mineral plays an important role during the incidence of TD because trace elements are involved in
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many biological mechanisms, such as superoxide dismutases, electron transfer, and antioxidant defense (Beede, 2006) . Essential trace elements including cobalt (Co), copper (Cu), manganese (Mn), zinc (Zn), selenium (Se), iron (Fe), Chromium (Cr), cadmium (Cd), and molybdenum (Mo) have important impact on productive performances in chickens. Previously no study was conducted on serum trace elements, so scarce information is available about serum trace elements in thiram induced TD chickens. Keeping in view the importance of trace elements in birds, and diseases caused due to fluctuation in the concentrations of these elements, the present study was designed to determine the concentrations of Ni (nickel), Cu, Mo, Cd, Pb (plumbum), Zn, Se, Ti (titanium), V (vanadium), Cr, Mn, Fe, Co, and As (arsenic) in thiram induced tibial dyschondroplasia Chickens.
MATERIALS AND METHODS

Ethics approval:
The animal experiments were conducted after the approval of institutional Animal Welfare and Research, Ethics Committee guideline of Huazhong Agricultural University (Wuhan, China).
Animals and study design: Day-old male broiler chicks (n=30) were raised under standard hygienic conditions at temperature 93 o F, and humidity 60%. The two groups including thiram group (n=15) and control group (n=15). Control group was given basal diet throughout the study. TD was induced by thiram (50 mg/kg in feed in dietary) from day 3 post-hatch. The current study protocol and dose of thiram was according to previous study (Shahzad et al., 2014) . Briefly, all the chickens were offered based diet and water ad libitum till day 3 post hatch. After that on day 4 post hatch thiram group chickens were exposed to TD by adding thiram @ 50 mg per kg of feed, while control group was raised on basal diet till the end of experiment. Two milliliter blood was collected from ten chickens on day 7 and 14 from each group by cardiac puncture. Blood samples were centrifuged at 3000×g for 20min for separation of blood serum and stored at -70°C, until subsequent use and further analysis.
Trace elements assessment:
The trace elements in serum samples were measured by employing ICP-MS (inductively coupled plasma mass spectrometry). The presence of artificial correlations was detected by several possible routes of detection standard concentrations, examining triplicate of each sample and taking average value, through considering the pre-analytical factors like contamination by two elements at the same time and instrumental shortcomings (isotopic or polyatomic mass interferences) (Barany et al., 2002) . Agilent 7700x equipped with an ASX 250 auto sampler was used to perform the analysis. The system operation was maintained at a radio frequency power of 1550W, argon (Ar) plasma gas flow rate of 15L/min; and 1L/min and 0.99L/min Ar auxiliary and carrier gas flowrate, respectively. For measurements, 21× dilutions of samples were prepared in 1%HNO3 in acid-treated 15mL conical tubes with an 8 mm sampling depth and 0.35 mL/min sample uptake rate for at least 24h. Data were quantified with external standards for Cr, Mn, Fe, Co, Ni, Cu, Mo, Cd, Pb, Zn, Se, Ti, V and As in 1% HNO3. The internal standard consisting of 103Rh was added manually to all solutions. For each sample, data were acquired in triplicate and then average was taken.
Statistical analysis:
The standard concentrations in the calibration line were analyzed to confirm the instrument validation (the lowest and the highest ones). The axis cut point of the calibration line was utilized to acquire the detection limits. Comparison between the Mean±SE (standard error) values of control and thiram groups was carried out by Student's t-test and oneway ANOVA followed by Turkey's honest test for continuous variables by piloting SPSS (20.0) with P<0.05.
RESULTS
In the present study, the concentrations of trace elements in serum samples of control and thiram groups on day 7 and 14 is given in Table 1 and 2, respectively. Table 1 showed that the concentrations of Cr, Mn, Fe, Co, Ni, Mo, Cd and Pb in thiram group were significantly increased compared with the control groups, whereas the concentration of Cu in thiram group was significantly decreased. However, the concentrations of Cr, Mn, Fe, Ni and Pb in thiram groups on day14 were significantly lower than that of control group (P<0.05), and the concentration of Mo was significantly higher as shown in Table 2 . The concentrations of Co, Cu and Cd on day 14 in two groups were statistically non-significant. 
DISCUSSION
Tibial dyschondroplasiais characterized by accumulated growth plate cartilage into metaphyseal region of the tibia, bone deformity and lameness, which affects fast growing broiler chickens worldwide (Shahzad et al., 2013) . The occurrence of TD leads to huge economic loss to broiler industry worldwide (Shahzad et al., 2014) . TD is a major metabolic cartilage disease in young poultry whereas trace elements play an important role on bone metabolism, health, osteogenesis and homeostasis. This is because of narrow concentration range of elements that may decide it beneficial or adverse (Dermience et al., 2015) . In present study, thiram was used to induce TD in broiler chicks that may have effect on glutathione concentration in the growth plate. Glutathione is very important in cellular homeostasis, pathological changes and cell death (Rana et al., 2002) .
The results of our research indicated that the concentrations of Cr, Mn, Fe, Ni and Pb were high on day 7 and low on day 14 which were different from the control group (P<0.05). Trivalent Cr is an essential element in lipid and carbohydrate metabolism (Martin, 2000) . However, previous studies have demonstrated that hexavalent Cr can induce many adverse effects, such as accelerating bone resorption by disturbing the release of TGF-β1, IL-β1, TNF-α and TNF-G cytokines and reducing bone formation (Sansone et al., 2013) , which may be one of the factors to cause TD. Mn plays an important role in bone growth, while it causes abnormal skeletal development in animals when deficit and it impairs bones growth and development when overload (Aschner and Aschner, 2005) , which were consistent with our study in which both higher concentration (253.54± 6.33) and lower concentration (80.53±0.52) of Mn were detected in TD chicken compared with control group. Previous studies showed that the deficiency of Fe element can decrease the bone density, strength, disturb bone homeostasis and so on (Medeiros et al., 2002; Harris et al., 2003; Katsumata et al., 2009) which is also agreement with our results in which concentration of Fe was decreased in TD group significantly on day 14. Several studies have proved that the concentration window of Fe element is so narrow that it has caused some genetic diseases (Zarjou et al., 2010; Yang et al., 2011) . In this study, the highest (40774.96±1353.28) and lowest concentrations (14593.85±274.47) of Fe induced the occurrence of TD in chickens. Although, in present study Ni concentration did not coincide with the control group, but contrary to other elements it has no effect on bone's growth in birds. Table 1 showed a higher level of Pb (1118.53±22.21) than control group, that can cause osteoporosis and central nervous system exposure (Tsaih et al., 2001) , which was in line to another toxic element Cd in this study (3.24±0.19) on day 7. Toxic effects of Cd in bones are well known including increase in osteomalacia, risk of fracture, osteoporosis, disturb osteogenesis, bone homeostasis, calcium metabolism and calciotropic hormones, while decrease in osteoblast viability and alkaline phosphatase activity when the concentration of Cd is too high just like that in the present experiment (3.24±0.19) in Table 1 (Zhu et al., 2004; Brzóska and Moniuszko-Jakoniuk, 2005; Schutte et al., 2008; Yokota and Tonami, 2008; Tahir et al., 2017) . Conversely, calcium deficiency was also reported that can induce cadmium toxicity (Beattie and Avenell, 1992) . We all know that Co is an essential element for vitamin B12. However, several studies investigated that abnormal concentration of Co can affect bone resorption and formation by disturbing bone cell metabolism. Besides, Co also can affect osteoblast size and shape, and decrease alkaline phosphatase levels (Anissian et al., 2002; Fleury et al., 2006; Queally et al., 2009; Sansone et al., 2013) . The level of Co in our study was 20.85±0.73, which was significantly higher than the control group, which may be a possible cause of TD. Cu is considered as an important trace element and Table 1 showed the deficiency of Cu (183.42±7.81) in TD chickens. Deficiency of Cu can decrease the bone strength, formation and growth, mineralization and ossification of growth centers inducing hypoplasia, frequent fractures, deformed and brittle bones (Keen et al., 1998; Sarazin et al., 2000) . Mo is one of the main compositions of molybdenum enzyme, which promote the process of nitrogen into the food chain (Hille, 2002) . However, Mo put adverse effects on animals including growth depression, anemia and reproductive barrier (Cao et al., 2016) . Mo can lead to the imbalance of body trace elements and high doses of Mo intake appear to be a result of an induced Cu deficiency (Cao et al., 2016) . In the current study, Mo in thiram group was significant higher (P<0.05) than control group on day 10, which caused bone damage in TD, as it can cause bone deformities (Cao et al., 2016) .
Conclusions:
The current study shows that thiram affect the elements in the chick body significantly, which provides consideration to take the effective measures for poultry feed supplement to prevent the occurrence of TD in chickens.
